Introduction
============

Chronic obstructive pulmonary disease (COPD) is a major cause of mortality and morbidity with approximately 2.7 million deaths and more than 26 million disability-adjusted life years lost globally in 2000.^[@bib1]^ Hospital admissions account for the majority of healthcare-associated costs for COPD.^[@bib2]^

Admission to hospital with COPD is associated with seasonal variation^[@bib3]^ as well as deprivation,^[@bib4]^ while low socioeconomic status^[@bib5]^ and low temperature^[@bib6]^ are both associated with an increased risk of COPD exacerbation. Previous studies have identified that an increased risk of mortality in winter differs by socioeconomic status.^[@bib7]^ However, it is not known whether deprivation and seasonality act synergistically to influence the risk of hospital admission with COPD.

Detecting interactions requires a larger number of events than is needed for studies examining main effects. We used national data over a 10-year period to investigate whether the relationship between season or temperature and admission to hospital with COPD differed by an area-based measure of socioeconomic status, the Scottish Index of Multiple Deprivation (SIMD).^[@bib8]^

Methods
=======

All COPD admissions (identified using International Classification of Diseases 10th revision codes J40-J44 and J47) were identified for the decade 2001--2010 for all Scottish residents by month of admission and 2009 SIMD quintile from national hospital records held by Information Services Division (ISD), NHS National Services Scotland. SIMD quintiles are calculated on a three-yearly basis for each super output area in Scotland. The SIMD score is obtained from a weighted sum of seven domains (employment, income, crime, housing, health, education, and access). Details of the individual components of each domain and the method of weighting and combining these are available at the Scottish Government website (<http://www.scotland.gov.uk/Topics/Statistics/SIMD/BackgroundMethodology>).

Person-years for each quintile by age and sex were calculated as one-fifth of the sum of each mid-year population estimate for Scotland. Monthly averages of daily minimum temperatures in Scotland for the same period were obtained from the Meteorological Office ([www.metoffice.gov.uk/climate/uk/datasets](http://www.metoffice.gov.uk/climate/uk/datasets)).

Confidence intervals (CIs) for COPD admission rates and absolute differences in the rate for each season were calculated assuming Poisson and binomial distributions, respectively. Interaction 'effects' reported directly from most regression models other than linear regression (such as Poisson, logistic, Cox) reflect interaction on a multiplicative scale and have limited interpretability. Instead, using the method proposed by Rothman,^[@bib9]^ we estimated the proportion of risk attributable to winter, to deprivation, and to the interaction between these main effects (the Attributable Proportion, AP) on the additive scale, which is relevant both for biological inferences and health service planning. CIs and p values for the relative excess risk of interaction (RERI) were obtained using a parametric bootstrap method similar to that described by Osman *et al.*,^[@bib10]^ although we used a Poisson rather than a binomial distribution and did not apply a continuity correction given the large number of events. In sensitivity analyses we repeated the estimation for RERI and the AP using the method described by Hosmer and Lemeshow, implemented with the R package EpiR.^[@bib11],[@bib12]^

Monthly rates of admission by average daily minimum temperatures were calculated and plotted for each quintile of SIMD, and point estimates and 95% CIs were obtained using negative binomial regression. We calculated RERI using parametric bootstrap methods in a similar manner as for season, treating SIMD quintile as a continuous variable as RERI is interpretable when both exposure variables are continuous.^[@bib13]^ Statistical analyses were performed in R 2.13.1 (Vienna, Austria).

Results
=======

Admission rates were considerably higher in the more deprived quintiles than in the least deprived quintiles for all seasons of the year ([Table 1](#tbl1){ref-type="table"}).

Absolute differences in admission rates between winter and summer increased with increasing deprivation. The 95% CIs for these effect measures did not overlap, providing evidence of effect measure heterogeneity on an additive scale. Furthermore, the relative risk for interaction was 1.36 (95% CI 1.21 to 1.51, p\<0.001), indicating that there was evidence of interaction on an additive scale.

Assuming that the rates of admission were reasonable approximates for risks and that there is no confounding, 19.4% (95% CI 17.3% to 21.4%) of the increased risk (attributable proportion) of admissions among the most deprived quintile in winter were estimated to be attributable to the interaction between winter and deprivation, 61.2% (95% CI 59.5% to 63.0%) to deprivation alone, and 5.2% (95% CI 4.3% to 6.0%) to winter alone. Identical confidence intervals (to two decimal places) were obtained for the RERI and AP using the method of Hosmer and Lemeshow.^[@bib11]^

There were similar associations with COPD admissions for temperature by deprivation. Lower daily minimum temperatures (averaged over a month) were associated with higher admission rates, with the strongest associations evident in the more deprived quintiles ([Figure 1](#fig1){ref-type="fig"}). Across the full range of temperatures, admission rates were consistently higher for more deprived quintiles. There was no year-to-year variability evident (data not shown). The RERI was 0.83 (95% CI 0.71 to 0.95, p\<0.001) which can be interpreted as follows:^[@bib13]^ for every 5°C decrease in average daily minimum temperature and change from the least deprived to most deprived quintile, the monthly relative risk of admission is 0.83 higher than if there had been no interaction.

Discussion
==========

Main findings
-------------

Winter and socioeconomic deprivation appear to act synergistically, being associated with the rate of COPD admissions to hospital in winter (compared with summer) to a greater extent among more deprived people than among less deprived people. Similar associations by deprivation were observed between COPD admission rates and minimum temperatures. Similar previous associations have been reported for an interaction between socioeconomic status, winter and all-cause mortality, but we are not aware of a previous study demonstrating this effect for admission to hospital with COPD.

Interpretation of findings in relation to previously published work
-------------------------------------------------------------------

The differences between deprivation quintiles were large, with five times as many excess winter admissions in the most deprived groups compared with the least deprived groups. The specific mechanism underlying the increased association between winter and admission to hospital with COPD in people from more deprived areas is unknown. Maintaining the warmth guideline of 21°C in living areas for at least 9 hrs/day is associated with better health status among people with COPD,^[@bib14]^ and maintaining homes at this temperature may be more difficult for people living in more deprived areas. Much of the current research into the role of temperature/deprivation and morbidity/mortality has focused on housing quality and ability to heat the home. Findings have included associations between poor housing quality and respiratory illness,^[@bib15]^ and also the fact that fuel poverty is related to poor health.^[@bib16]^

Smoking is associated with area-based measures of deprivation,^[@bib17],[@bib18]^ and smoking is both a major determinant of indoor air pollution and is associated with symptom burden in people with COPD.^[@bib19]^ Indoor air quality is likely be worse in more deprived areas than in less deprived areas, and this difference may have a larger effect in winter when people appear to spend more time indoors and in motor vehicles.^[@bib20]^

Alternatively, since airflow limitation (which defines COPD) is associated with deprivation,^[@bib21]^ there may be a larger pool of people with underlying COPD among whom susceptibility to admission is unmasked by winter-related factors. Cohort studies in prevalent COPD populations are needed to identify whether seasonal differences in rates of admission differ by deprivation among people with established COPD as well as in the general population.

We examined the statistical interaction on an additive scale throughout this analysis. Where interaction is used in the statistical sense, interaction in additive models implies no interaction in multiplicative models and vice versa. Hence, statistical interaction is a function of the particular form of model chosen and is therefore of no intrinsic significance. Coefficients obtained from interaction terms (parameters) of most regression models (e.g. Poisson, logistic, Cox) correspond to interaction on a multiplicative scale, which has limited direct interpretability. As argued by Rothman, if biological interaction is present, the risk in any population with dual exposures should be more (or less) than the sum of the attributable risk for each single exposure plus the risk in those who are unexposed; as such it is defined in terms of interaction on an additive scale.^[@bib9]^ Notwithstanding discussions around what constitutes biological interaction, from the health service planning and public health perspective, interaction on the additive scale is of most relevance as this translates directly to important clinical and health service-related measures such as absolute risk reduction and numbers needed to treat.

Strengths and limitations of this study
---------------------------------------

This study uses the robust data collected by ISD, NHS National Services Scotland. By including all COPD admissions in this way, we believe this work reflects the target population (Scottish residents) and minimises the risk of any bias.

This work is limited by the use of average temperatures across the country and therefore does not take account of significant regional variation or the effects of maximum/minimum temperatures.

An additional limitation of our study is that we analysed aggregated data and were therefore unable to take into account the fact that some of the admissions pertain to the same patients, thus the CIs may be too narrow. However, given the magnitude of the interaction, we think that this would have been unlikely to make a substantial difference to the conclusions. Indeed, the p value for the RERI was \<1×10^−4^.

Implications for future research, policy and practice
-----------------------------------------------------

Excess winter admissions to hospital with COPD are higher among people from deprived areas. Public health interventions aimed at reducing winter admissions with COPD should focus on more deprived groups.

Conclusions
-----------

Our findings imply that population-wide interventions aimed at reducing winter admissions with COPD (such as winter fuel benefits or subsidised home insulation) may have potential for greater benefit if delivered to more deprived groups. Indeed, our estimates suggest that eliminating the effects of winter among 100,000 persons for one year would lead to a reduction of an additional 320 COPD admissions if targeted at the most deprived quintile rather than the least deprived quintile.
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